Reports on the associations between multiple clinical and behavioral health indicators and major health outcomes among older adults are scarce. We prospectively examined concordance with guidelines from the American Cancer Society and American Heart Association for disease prevention in relation to cancer, cardiovascular disease (CVD), and mortality among Cardiovascular Health Study enrollees aged 65-98 years who, at baseline assessment in 1989-1996 (n = 3,491), were free of CVD and cancer. Total and cause-specific mortality, as well as incidence of cancer and CVD, were lower with higher guideline concordance. Independent of body mass index, blood pressure, total cholesterol, and fasting plasma glucose, better health behaviors (diet, physical activity, and alcohol consumption) were associated with lower mortality (2-sided P < 0.0001). Among individuals with ideal levels for 3-4 of these 4 cardiometabolic biomarkers, those with poor concordance with health behavior recommendations had higher mortality compared with those who had the highest concordance with these behavioral recommendations (adjusted mortality hazard ratio = 1.82, 95% confidence interval: 1.25, 2.67). Older adults who are concordant with recommendations for cancer and CVD prevention have reduced rates of chronic disease and mortality. Interventions to achieve and maintain healthy lifestyle behaviors may offer benefits both in the presence and absence of adverse traditional clinical risk factors.
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Studies from global populations suggest that clinical guidelines put forth to reduce cancer (1) (2) (3) (4) and cardiovascular disease (CVD) (5-11) have broad effects on risk of chronic diseases. Both the American Cancer Society (ACS) and the American Heart Association (AHA) have issued guidelines that extend beyond the traditional approach of focusing on adverse levels of risk factors. Instead, these guidelines reflect a recent trend towards promoting and measuring predictors of favorable health status in populations (1-3, 5, 7-10) .
As global populations age, clear guidance is needed to quantify for older adults the magnitude of benefit associated with behavior change compared with other clinical goals, such as maintaining favorable levels of cardiometabolic risk factors.
Cancer and CVD account for over half of all deaths among individuals aged 65 years or older (12) . However, while the potential benefits associated with achieving recommendations put forth in cancer and CVD prevention guidelines have been examined in multiple cohorts with considerable numbers of participants aged ≥65 years (2, 3, 5) , only one study had a participant mean age of >65 years (5) , and none examined the relationship solely among the elderly subgroup.
The lack of evidence on guideline concordance and major health events is important because age-related physiological changes and an increased burden of comorbid conditions (e.g., hypertension, type 2 diabetes mellitus, and vascular diseases) among older individuals complicate the extrapolation of guidelines to older populations. For example, quitting smoking late in life confers similar benefits among those below or above age 65 years (13) , but there is limited evidence on the effects of other modifiable risk factors, such as diet and physical activity, on cancer and CVD outcomes among older adults (14) (15) (16) (17) (18) . Furthermore, among older adults, associations between traditional cardiovascular disease risk factors and major health outcomes are not consistent with those observed for the population at large (19) (20) (21) (22) . The present study addressed the hypothesis that behavioral factors might predict health outcomes at least as well as standard clinical measurements such as serum lipids and blood pressure (BP), which have often been found to be relatively weak predictors of major health events in older persons. In addition, we examined the impact of modifiable health behaviors in the context of varying levels of such traditional risk factors in the older adult population.
METHODS

Participants
The Cardiovascular Health Study (CHS) is a prospective study of adults aged 65 years or older living in Sacramento, California; Forsyth County, North Carolina; Washington County, Maryland; and Allegheny County, Pennsylvania (23, 24) . Participants (n = 5,201) were enrolled between 1989 and 1990, and an additional predominantly African-American cohort of 687 participants was enrolled in 1992-1993, through random sampling of Medicare eligibility lists. Among eligible adults contacted, 57% were enrolled. We excluded individuals who had a baseline history of CVD (25) or cancer (n = 2,143) and those missing data on diet (n = 196) or other covariates (n = 137). All centers obtained informed consent and approval from institutional review boards.
Data collection
Standardized protocols were used to conduct in-person interviews and collect clinical measurements, including body mass index (BMI, calculated as weight (kg) divided by height (m) 2 ), seated BP, fasting serum total cholesterol (TC), and fasting plasma glucose (FPG), as well as an in-home medication inventory (23, 26, 27) . Staff conducted semiannual ascertainment interviews with participants or proxy respondents to identify major health events and deaths. Hospitalizations and deaths were also identified from administrative data (National Death Index, Medicare) and adjudicated by a committee of physicians (28) . A picture-sort version of the 99-item food frequency questionnaire from the National Cancer Institute assessed usual intake of relevant nutrients and food groups among the original cohort in 1989-1990 (29, 30) , and intakes for the AfricanAmerican cohort were assessed using the Willett food frequency questionnaire at the third annual visit in 1995-1996 (31) . Physical activity, in metabolic equivalent of task (MET)-hours, was estimated using the Minnesota Leisure-Time Physical Activity Questionnaire (32) .
Definitions of ACS and AHA guideline concordance
Concordance with each component of the ACS Guidelines for Nutrition and Physical Activity for Cancer Prevention score and the AHA cardiovascular health metrics (Web Table 1 , available at https://academic.oup.com/aje) was rated as 0 (poor), 1 (intermediate), or 2 (ideal). Using the AHA (11) and ACS (4) guidelines, the ideal level of ≥150 minutes/week of moderateintensity physical activity (3.5 METs) translates to 8.75 METhours/week. Engaging in some physical activity less than 8.75 MET-hours/week was coded as intermediate. The ACS advises limiting red and processed meats, eating fruits and vegetables each day, and consuming whole rather than refined grains. To operationalize these recommendations, we created a diet subscore ranging from 0-9. Three points were allotted for fruit and vegetable consumption, including 1 point for consuming ≥2.5 cups of fruits and vegetables/day, excluding juice and potatoes. A variety score was created by summing the number of unique fruits and vegetables consumed at least once per month; those in the highest tertile and middle tertile of variety were given 2 points and 1 point, respectively. For red and processed meats, quartiles of servings/day were assigned values from 0 (highest quartile) to 3 (lowest quartile). Quartiles of whole-grain consumption, as a fraction of total grains, were similarly coded as 0-3. Last, individual diet components were summed, and participants who scored 0-2 were considered to have a poor diet; 3-6 was considered intermediate; and 7-9 was considered ideal. AHA dietary guidelines recommend limiting consumption of sodium ("<1,500 mg per day") and sugar-sweetened beverages ("≤450 kcal (36 oz) per week"), while maintaining a diet rich in fruits and vegetables ("≥4.5 cups per day"), fish ("≥two 3.5-oz servings per week"), and whole grains ("≥three 1-oz-equivalent servings per day") (11, p. 596). Concordance with ≥4 of 5 criteria was considered ideal cardiovascular health, with 2-3 considered intermediate.
ACS guidelines advise to "maintain a healthy weight throughout life." (4, p. 32) We used weight at age 50 years (self-reported in the CHS questionnaire at baseline) along with baseline height and weight to calculate BMI at both time points, assuming constant height. The AHA metrics include scores for ideal BMI, BP, TC, and FPG, defined using standard clinical cutpoints. Last, never smoking or quitting >1 year ago is considered ideal by the AHA, and quitting within the past year is considered intermediate (5) . Total guideline concordance scores were calculated by summing components (2, 3, 11) . For AHA, possible scores ranged from 0 (unfavorable levels of all components) to 14 (ideal levels of all components). With the addition of smoking to the 4 other targets in the ACS guidelines, scores for ACS ranged from 0 to 10.
Outcomes assessment
For potential incident cardiovascular events (28) , abstractors from each site reviewed hospital records, and interviews were conducted with participants/proxies to capture symptoms and circumstances preceding incident and fatal CVD events. Events were then adjudicated by the CHS Events Subcommittee. For this analysis, CVD events included incident myocardial infarction, congestive heart failure, and stroke. CHS participants with a primary incident cancer diagnosis were identified through record linkage with 5 population-based cancer registries serving the 4 CHS regions (33) . Ascertainment of cause of death was based on the underlying rather than immediate cause and was assigned by a committee of physicians who were without knowledge of prior examination findings (28, 33, 34) . Cardiovascular deaths included atherosclerotic coronary disease, cerebrovascular disease (stroke), other atherosclerotic disease (such as aortic aneurysm), and other vascular disease (such as valvular heart disease or pulmonary embolism).
Statistical analysis
Pearson χ 2 tests and analysis of variance were used in descriptive analyses to compare levels of covariates across low extreme, moderate (approximately 15th to 85th percentiles), and high extreme levels of guideline concordance. We used Cox proportional hazards models to estimate hazard ratios for incident cancer, incident CVD, and mortality associated with guideline concordance. Scores were collapsed to maintain >5% of the total sample in the extreme high and low categories. The group meeting the fewest guideline recommendations served as the reference. Time at risk was calculated as the time elapsed between the date of baseline diet assessment (1989) (1990) for the original cohort and 1995-1996 for the African-American cohort) and the date of the incident event (CVD or cancer), death, loss to follow-up (<13% of participants), or latest event adjudication date (2005 or 2006 for incident cancer and December 2011 for all other outcomes). To assess the linear relationship between guideline concordance and outcomes, concordance scores were entered into Cox models as continuous terms. The proportional hazards assumption was satisfied for each independent variable and outcome variable combination through visual inspection of survival curves and through residual methods (35) .
Further analyses examined whether concordance with the health behavior targets established by the ACS guidelines was associated with outcomes independent of the level of concordance with AHA cardiometabolic risk-factor targets, including BMI, BP, TC, and FPG, measurements routinely used in clinical settings. The outcomes of total mortality and incident CVD were judged to have adequate numbers of events to support cross-classification of subjects by ACS and AHA scores simultaneously. First, we created a modified ACS health behavior score having a range between 0 and 6, which reflected level of concordance with physical activity, diet, and alcoholconsumption targets. We then created a modified AHA score giving 1 point for each ideal cardiometabolic risk-factor metric (not on drug treatment and measured levels of FPG <100 mg/dL, BMI <25, BP <120/80, or TC <200 mg/dL). This produced a variable with a range between 0 and 4. Hazard ratios for study outcomes associated with the modified ACS health behavior score were estimated at each level of the modified AHA cardiometabolic risk factor score. Terms for interaction between ACS behavior score and AHA risk-factor score examined whether the association between concordance with ACS health behavior targets and outcomes differed across groups defined by AHA cardiometabolic risk-factor targets.
All models adjusted for variables determined a priori as potential confounders, including age, self-rated health, race/ ethnicity, income, education, sex, and marital status. Models of CVD incidence, cardiovascular mortality, and all-cause mortality outcomes additionally adjusted for use of nonsteroidal antiinflammatory drugs and limitations in instrumental activities of daily living. We adjusted for detailed smoking history in analyses of joint associations between health behaviors and traditional risk factors, as smoking was not included as part of the exposure.
Sensitivity analyses examined 2 alternative approaches to defining levels of physical activity, to address the impact of mismeasurement on our conclusions. First, we excluded household chores from the estimation of physical activity, which reduced the overall proportion meeting guideline targets from over two-thirds to 52%. We also redefined adherence to physical activity recommendations according to quantile values; specifically, we defined those in the highest tertile of physical activity to be guideline concordant. These analyses are not shown, because the alternative approaches did not change the overall conclusions of the analyses.
All P values were 2-sided, and a level of significance of 5% was used. Analyses were conducted using SAS, version 9.4 (SAS Institute, Inc., Cary, North Carolina).
RESULTS
Participant characteristics
A total of 2,145 women and 1,346 men were a mean of 72 years of age at baseline (range, 64-98 years) (5), and most were non-Hispanic white (Table 1) . Few participants jointly met ideal levels of all components of either the ACS (n = 81; 2%) or AHA (n = 4; <1%) guidelines. Mean total scores for ACS guidelines were 6.9 (standard deviation, 1.5; range, 0-10) and for AHA guidelines were 8.6 (standard deviation, 2.0; range, [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . Individuals with high concordance scores with the ACS and AHA guidelines were more likely to be non-Hispanic white and highly educated ( Table 2 ). They were also more likely to have higher self-rated health, lower BMI, and lower frequency of diabetes, limitations in physical functioning, and use of medications. There were no significant age differences by degree of guideline concordance.
Incident disease, disease specific mortality, and all-cause mortality After adjusting for potential confounders, over up to 22 years (median, 15 years) of follow-up, we observed reduced rates of all study outcomes across groups characterized by increased concordance with the ACS cancer prevention guidelines (P < 0.0001 for all outcomes) and AHA ideal health metrics (P < 0.005 for all outcomes; Table 3 ). Relative to those in the lowest category of ACS guideline concordance (total score 0-4), those with the highest levels of concordance (total score 9-10) had 0.43 times (95% confidence interval (CI): 0.31, 0.60) and 0.30 times (95% CI: 0.21, 0.44) the hazard of incident cancer and cancer mortality, respectively. Comparing those with highest versus lowest levels of AHA guideline concordance, hazard ratios for cancer incidence and mortality were 0.71 (95% CI: 0.50, 1.01) and 0.57 (95% CI: 0.38, 0.84), respectively. For incident CVD and CV-specific mortality, respectively, highest concordance with ACS guidelines was associated with 0.66 (95% CI: 0.53, 0.81) and 0.60 (95% CI: 0.44, 0.82) times the hazard in the lowest levels of concordance. Similar hazard reductions were observed comparing those with the highest versus lowest levels of AHA concordance (for incident CVD, hazard ratio (HR) = 0.50 (95% CI: 0.40, 0.62); for CV-specific mortality, HR = 0.58 (95% CI: 0.42, 0.80)). Increased concordance with both ACS and AHA guidelines was also associated with reduced rates of all-cause mortality (HR = 0.50 (95% CI: 0.42, 0.60) and 0.67 (95% CI: 0.56, 0.80), respectively). Incremental reductions in rates of all-cause mortality across higher concordance with guidelines are illustrated using Kaplan-Meier curves (Figure 1 ). Abbreviations: ACS, American Cancer Society; AHA, American Heart Association; SD, standard deviation. a Dietary data for the second cohort were collected at the 1995-1996 study visit. We also examined the multivariable-adjusted association of concordance with individual disease-prevention targets and rates of incident cancer and CVD (Web Table 2 ), as well as causespecific and all-cause mortality (Web Table 3 ). Although not all targets were significantly associated with each outcome, most associations were in the expected direction and showed the expected dose-response relationship with outcomes.
Subsequent analyses examined the joint associations of concordance with the health behavior targets established by the ACS guidelines for physical activity, diet, and alcohol consumption, and concordance with AHA recommended levels of cardiometabolic risk factors including BMI, BP, TC, and FPG (Table 4) . Numbers of individuals achieving the targets of ACS and AHA appear in Web Table 4 . Irrespective of the number of achieved AHA cardiometabolic risk-factor targets, individuals with the least favorable score for ACS health behavior concordance tended to have the highest rates of all-cause mortality and incident CVD. Even among those with ideal levels of 3 or 4 AHA cardiometabolic risk markers, better concordance with ACS health behavior targets was associated with reduced mortality. Within this stratum we observed an 82% higher hazard of mortality (95% CI: 25, 167) when comparing subjects with the lowest versus highest concordance with health behavior targets. For the outcome of incident CVD, in the group with ideal levels of 3 or 4 AHA cardiometabolic risk makers, the hazard ratio was 1.36 (95% CI: 0.84, 2.22) when comparing individuals with the lowest versus highest concordance with health behavior targets. We did not observe significant interaction between ACS health behavior targets and AHA clinical cardiometabolic riskfactor targets in their ability to predict all-cause mortality (P-interaction = 0.25) and incident CVD (P-interaction = 0.65). In contrast to the health behaviors, the cardiometabolic variables did not display a consistent gradient of rates with increasing number of targets met. When smoking was incorporated into the modified ACS health behavior concordance score (Web Table 5 ), the gradient of all-cause mortality and incident CVD rates was even greater across the range of concordance with behavioral recommendations.
DISCUSSION
Among adults aged 65 years or older, we examined the degree of concordance with recommended targets put forth by the AHA ideal metrics for cardiovascular health and the ACS Guidelines on Nutrition and Physical Activity for Cancer Prevention statements, as well as the association of guideline concordance with rates of major health outcomes. Over long-term follow-up, a higher level of concordance with the AHA and ACS prevention guidelines was associated with lower rates of cancer and CVD, as well as lower cause-specific and all-cause mortality. Comparing those in the highest category versus the lowest category of concordance defined an approximately 2-fold gradient in incidence, after adjustment for potential confounding factors. Favorable rates of outcomes were amplified by concordance with multiple recommendations. To our knowledge, this is among the largest long-term follow-up studies of older adults to confirm that achieving recommendations of widely disseminated cardiovascular and cancer prevention guidelines is associated with reductions in multiple major health outcomes and mortality. To our knowledge, this analysis is unique in that we jointly examine the AHA and ACS scores and examine the associations of behavioral metrics beyond the standard physiologic and cardiometabolic metrics. We performed cross-classification on multiple sets of guideline targets. These analyses suggested that behavioral recommendations set forth by the ACS, including diet and physical activity targets, in aggregate, might add to standard cardiometabolic risk factors in the prediction of all-cause mortality and incident CVD.
Several recent studies have shown improvements in chronic disease outcomes and survival among individuals meeting health and lifestyle goals set by health organizations (1-3, 5, 6,  8, 36) . We confirmed here, among older adults, that the ACS Abbreviations: ACS, American Cancer Society; AHA, American Heart Association; BMI, body mass index; IADL, instrumental activities of daily living; MET, metabolic equivalent of task; NS, not significant; NSAID, nonsteroidal antiinflammatory drug.
a Dietary data for the second cohort were collected at the 1995-1996 study visit. b Column percentages may not sum to 100 due to rounding. c P values derived from Pearson χ 2 tests or analysis of variance assessing any difference between groups. d Values are expressed as mean (standard deviation). e BMI was calculated as weight (kg)/height (m) 2 . f Self-rated heath on a scale of 1 to 5, where 1 is "excellent." g Prevalent diabetes defined as either pharmacologically treated disease (oral hypoglycemic agents and/or insulin) or fasting plasma glucose >125 mg/dL. c Adjusted for age (continuous), self-rated health (continuous), race/ethnicity, income, education, sex, and marital status. Models of CVD incidence, cardiovascular mortality, and all-cause mortality outcomes additionally adjusted for nonsteroidal antiinflammatory drug use and limitations in instrumental activities of daily living.
d P values derived from Wald tests in which scores for concordance with ACS and AHA guidelines were entered into models as continuous variables. e Cardiovascular disease deaths included those from atherosclerotic coronary disease, cerebrovascular disease (stroke), other atherosclerotic disease (such as aortic aneurysm), and other vascular disease (such as valvular heart disease or pulmonary embolism). Noncardiovascular deaths were first classified into 19 disease and organ-system categories and then collapsed into 5 categories: dementia, cancer, pulmonary disease, infection, and other causes.
guidelines predict CVD-specific mortality (2) and the AHA's ideal cardiovascular health metrics were associated with cancer incidence (6) . Elements of AHA and ACS risk prevention guidelines are partially overlapping, although each guideline was most strongly associated with its intended target outcome.
One of our most important findings is the observation that favorable health behaviors were associated with reduced mortality regardless of the level of cardiometabolic risk factors. This was seen even among those with "ideal" levels of BMI, BP, TC, and/or FPG, although in the elderly, low levels of these factors may, paradoxically, be a marker of ill health. Thus, despite being free of elevated cardiometabolic risk factors late in life, it may still be important for older adults to follow diet and physical activity recommendations.
Other notable findings concerned the disease associations for individual risk factors in older adults. While FPG was a robust predictor of CVD and all-cause mortality, we did not find a significant association of FPG with cancer incidence or mortality. Although prior studies had suggested increased cancer risk in people with obesity and diabetes (37) , our data suggest that this may not hold in older adulthood. As expected, we found that elevated TC was not an adverse CVD risk factor in older adults (38, 39) . Smoking was the most prominent single risk factor for CVD, cancer, and mortality, which confirms the long-term adverse health effects of smoking even over 20-plus years' follow-up in a cohort aged >65 years.
Relatively few prior studies have examined guidelineestablished targets and major health events in adults older than 65 years of age, although some available data sets include large numbers of elderly and provide concordant results about the association of health behaviors and clinical risk factors with incidence of CVD (5). Strengths of our study include a wellcharacterized population, allowing adjustment for multiple confounders, and rigorous assessment of incident and fatal events. Extended prospective follow-up for more than 20 years and a large number of events allowed us to evaluate associations of health behaviors and outcomes within levels of traditional CVD risk-factor targets. However, a relatively small sample size for cancer outcomes limited the precision of associations in this study. Other limitations include the use of information on lifestyle that was self-reported by participants. For instance, self-reported physical activity levels were higher than might be expected (7), which may represent mismeasurement due to desirability biases. Such community-based studies composed of volunteer participants may also preferentially select for healthier individuals, thereby limiting the generalizability of our findings. Because behaviors were measured before the occurrence of study events, selective recall bias was unlikely to have induced false associations with study outcomes. In addition, our study was conducted before widespread uptake of recommendations for physical activity, which may have increased internal validity compared with contemporary cohorts, by 1) reducing social desirability bias in reporting of health behaviors, and 2) reducing biases whereby behavior modification might have been widely prescribed to patients at high disease risk, therefore introducing reverse causation between event rates and health behavior patterns. Nevertheless, participants who reported having healthier levels of the specific behaviors included in the guidelines may have had a propensity toward a healthful lifestyle in general, so that other unmeasured factors may have also contributed to their favorable outcomes. The tendency to engage in healthy behaviors may either persist or vary over time, and we were not able to adjust for the effects of health behaviors at younger ages when examining the benefits of healthy lifestyle practices in this older population. The study was not designed to quantify the effects of drug treatments, which may be most beneficial when used in the context of a healthy lifestyle. In addition, secular increases in medication use in the primary prevention setting since these data were collected may affect applicability of findings to present-day populations (40, 41) . We excluded participants with prior CVD or cancer to reduce confounding and to remove individuals who may have had the most pronounced changes in risk factors over time. This approach, as well as the fact that only US adults were studied, may limit generalizability. These observational data do not substitute for intervention study designs that establish the risks and benefits of guideline-driven strategies for risk reduction.
In conclusion, adults who were 65 years of age or older and who were concordant with ACS and AHA professional guidelines had reduced rates of chronic disease and mortality. Our findings suggest that interventions to improve diet and increase physical activity have a place in the recommendations to older adults for prevention of CVD and cancer. We followed a large population-based study cohort for more than 20 years, showing that both incident disease and mortality may be preventable into the most advanced stage of life. Even among those who had ideal levels of cardiometabolic biomarkers, prolonged survival was associated with meeting recommended targets for moderate-to-vigorous physical activity, avoidance of excessive alcohol consumption, and following a healthy dietary pattern. These findings support increasing efforts to develop efficient clinical approaches to assist older adults in achieving and maintaining healthy lifestyle behaviors.
